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PMOS (MP 5) tWtimi- (R7) V-*7*n7H]j&£« 

PMOS (MP 5) ^JIIA-f 7*<7)<h PMOS (MP 5 ) <DY~ Y • V- 
^r B imi±(i^ Vthp5tftD, jS/^T^Otl, PMOS (MP 5) \**y 

Z<D&^ Y- Ml± (V g 1 ) coft^ctfi (Vglmax) tt, TIfi (3) 5£ 
CD J: -9 K&& 0 
[85:3] 

Vglmax = Vdd- (Vthp3+Vthp4) + V t h p 5 

(3) 

££"C, #PMOSOL§HiSWEEtti5l3r— %cf2><DX\ ^-HE (Vgl 
) <7)ft^;ft (Vglmax) (i, (V d d - V t h p) iz&feZifc& 0 
[0 0 2 0] 

fflWUZ, NMOS (MN5) wy-Mi, NMOS (MN3) WKWVCg 
NMOS (MN5) <!: Jgjftjf (R8) tT% V-X7*UT®&&m 

NMOS (MN5) ^H/^r^Otl, NMOS (MN5) <DY- h • V- 
*KSJ±»±V t hn5t^^ l^MT^Ot^ NMO S (MN 5) t±^7^ 

r-hmj± (Vg2) Oft/MS**- h mflE (Vg2min) ii, T 
IS (4) ^i^:45 0 
[*4] 

V g 2 m i n = (V t h n 3 + V t h n 4 ) - V t h n 5 

(4) 

#NM0 Stf>L#HfimEE»ltit*— 5t"t&Ot?, hmi± (V g 2 
) <7)*/JvfI (V g 2 m i n) f±, V t h n KftlJtll $*L* 0 

-roj: ? m8^i-#s^Mu^;^miilS&-e^, r-hSBE (vgi 

) OflbME, ^-Mff (Vg2) Oft/Ml^ HI 6 l/Zfrt-f&Mffi-nM. U^/i/gE 
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i>, me izm-tm&ife&m w<)i>m&®& t mmzzhmznz - 1 &t # & 0 

[0 0 2 1 ] 

m/± (Vgl) <h^-hffil± (Vg2) 0«J±l£^£^1-|2]-C&&o 

(ci, C2) <DWb^-mmj±<D®fflmz o vt-?z>t. pmos (m 

P5) NMOS (MN5) f±*>R^£&£ 0 

^<o^a6. r-hmi± (vgi) o^B#^(i, jsfct^ (R7) tmmm 

f (Cl) <7)«T\ ^-hmi± (Vg2) <DiZ^m^.mii, NMOS (MN5) 

oi*^ (rmn5) tm-mmi- (C2) o«-e^$*L& 0 

^-hSJE (Vgl) <A£.«rfiiI<, ^-ME (Vg2) Ol£«Plijgv^*, 
mm^F- (R7) */h$<t'*ifc^J:or««iftA^l^l^W J £r®IS^4- 

[0 0 2 2] 

ai oii, in i ^-tmt^m^^^mm^ 1 o o<^ft&o#jo@jf&mj&£ 
mi o iZT^-rmM^mu^^mMmt, ms^-rmico^u r^m^i 

lO^ffil^ (R7) CftitPMOS (MP 6) U H8tc^i-^2 

<7)ys-f T^IU{£& 1 2 0 O^iftSH 1 (R8) i:fti.TNMOS (MN6) SMs^ffl L 
£,£T% 11 8 1 0 0 <h*g#H-& 0 

PMOS (MP6) tPMOS (MP 3 ) (i. ii V > h ^ y -®&*m$L U 
PMOS (MP 5) ^^«}j{L-Cvsvf T ^ (WJ^ttz, NMOS (MN6) t NM 
OS (MN4) (i, # U> h < 9-H]i&£f#J&U NMOS (MN5) im.m% 

mi o^7f:-rm-mm^mu^^m^m^^^>xi>, v-vms. (v g i) o 
ft^ia. y-hms. (v g 2) oft/Ms^, mstc^-r^M^Mi^^^^iii 

, ms ^7fk-rm&^m\y^<^m^m^i o o tmm^^mbti&o 

[0 0 2 3] 
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^1-lUS&liIt:^)^o 

HI 1 #»*£^M^^j&l!i&fi> H 1 O/M r^SSS 1 1 OCPM 

OS (MP 7) i2^U7^@f§12 0CNMOS (MN7) Z&MLt: 

hi i K^-rsiit^Mi'^fl'ie&mB&Tii, pmos (mp7) or- mi 

, Vc t pOWIff NMOS (MN7) O^- h Vet n<7)$IJ 

flHM-KflUHlU i*t?>0«IJ»«-9- (Vc t p, Vc t n) CiO, S^AB* 

PMOS (MP 7) £<fccKNMOS (MN7) 
(iPMOS (MP 7) j3«ttKNMOS (MN7) **7*tSgtC-r* 0 

m«AB#<7)r- hmffi (Vgl, Vg2) <7)j£^£ii<-C£&£ 

t i> mm&Afe<or- vms. ( v g i , v g 2 ) mmim. i tmk.x- § sot 

[0 0 2 4 J 

mi2(i, HI K0S&2 0 0 <b, itltM^^^^mil]^ 

3 0 0 0— m<D®WfeJ&*7F-$m&W? 
^VT^i/*-^ KE18&2 1 0(i. NMOS (MNll) ^MitT- (Cli) 

NMOS (MN 1 1) f±. Kl/^>*V-K (Va) KSM£S*l£ 

y-^c(±^T-*-^ (d i n) j&*epflns*L, y-Mit±, 
(s pl) ^enip^tL^o 

(CI 1) fi, y-K (Va) fc, Mimffi (GND) fcOIBJKSM* 

2 8 0f±, V/I$zm®&2 2 0 t i2^^7f> 
^^T- 2 3 0 t, il^^fyfV 2 4 0 t, *JBE«8f @S& 2 5 0 i, & 

3 0^>f TX®ffi2 6 0 fc, >T V>*<-9 2 7.0 J:t»)S$*L4o 

V/I^!M2 2 Oti, NMOS (MN12) "CltJjfc $ *t, NMOS (MN 
12) *±, y-hriV-K (Va) y-^^13^7^1^2 6 01:, 
KW V^i2^^f y^-^^mi L 2 3 0 Kgfe£*i& 0 
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$2^^7f>^it2 3 0ii, NMOS (MN13) -Tr«J&£*U NMO 
S (MN13) it, V-XtfV/ I^m®$&2 2 0 iZ^^ti, KW>j&V- 
K (Vb) £ft«cS*l*fc <h (CK2) tfWtiUZti&o 

[0 0 2 5] 

ii^^';f>^im pmos (mp id r-mmzti, pmos (m 

PI 1) it, KU-f>^V-K (Vb) Sfi&fcfct::, v-^H*«mEE (V d 

d) **enjn$*t, r-Hcfg-sp- (cki) imnazti&o 
mj±mm&2 5 o*i> /-Kvbti«E (gnd) t oranges *l* 

^mUT" (C 1 2) T*«J&$ft£o 

&3<DsUTXm&2 6 Oii, fflfcm=F (Rll) (R12) it 

«J£S*U ffif^- (Rll) fc^Sfc*^ (R 1 2) (#JE,6) fc, NM 

OS (MN12) <£>y-X^M£*L&o 

r/^-? 2 7 0li, PMOS (MP 12) <h NMO S (MN14) 

s*u y-K (vb) (Dwm&AJjzti, ffi^mjE (v c ) t±, Di7'j^7 

n?y|l|g& (FF) &cAtj£tL£o 
[0 0 2 6] 

ia 1 3 »±, in 1 2 K7Fi-&u<Dm.f±& : &Z7F-f mT~&2> 0 

Di nit, \&m^(D^7^T~^Xh <9 ^ f^HKiTc kt^^o SPLli, 

-9->y°v y^v^^-cab 0 , -eojs]$i(i4 xt c k 

•9-y 7^*-;i/ K0S&2 1 0 it, t>7''J>W^ (SPL) P^;kt) 
tile, — ^ (Din) £+hyy°'j>?*U "9" > "/V > (SPL 

) ^W»)^f*-^Kt^ 0 

m^r (CKI) li, il^^fyf > ^HT- 2 4 0 ©«HWflr3\ (C K 2 

) it, m2<DX4 7f 3 0O$IJ#HS#T*&&o 

(CKI) L l^;i/££l9. PMOS (MP 1 1) tf*>1rZ>t, # 
m^T- (C 1 2) £?t«U y - F (V b) <7>mJ±rt ? V d d h&& 0 

^CK', m-^" (CKI) tm^r (CK2) ^\ £ iZH V^OVt t, PMO 
S (MP 1 1) tf*7, NMOS (MN 13) ^><h&& 0 

i^T% y-K (Va) ^, LW^Ii, NMOS (MN12) 7 «h 
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, r NMOS (MN12» 
, _H (Vj) *- L 

lS51 t0{f (MSl^ 2TCk/ClS <*> 

-« ( 6 ) 

«,.)) (Mb 1 1 2 ' 
I (Di.)^^ 

I UJ|E!tt2 0 0 3 ' 30 
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MN 1 2) (±^>/t7fl.o 

Z\<D^, NMOS (MN12) <D*7Wfc*N^tzm$X"*ymil*±£ < 

[0 0 2 8] 

EI 1 4 012 Kgr$v*>f TX01&2 6 0 OltilOiTOII]i&«j££^[lS&[2i 
"C<b-i>o 

IU1 4 tCT^-tv^ T*®!i£te, MOS H^y^^NMOS (MN15) tt& 

ticm? (R 1 3) ft**, 

NMOS (MN15) fi, y-^i)m$m^ (R13) • 

, y- hizmmms. (gnd) tfWMzti, vuj yizmmwfe (vdd) w 

NMOS (MN15) (i, V 7 * n r £ LTRjfP U ttijjV$>2> 7 -y><7> 
«J±(i (-V t h n) tt£Z>o 

m i 4 tc^i-/s-^ T^mgs-eti, nmos (mni2) L^ef^m^ 5 

*£#L5$iT (R 1 3) HJ:o-C$IJIM^tL^ 0 

ffiJftUT- (R13) £+55-/Jn£ < NMOS (MN 1 5 

[0 0 2 9] 

U 1 5fi, II 1 2 T*m$&2 6 OcO^OfUcoHUf&M^^-riHS&lII 

il 5t:^t/^7^IHKtt NMOS (MN16) t , PMOS (MP 1 3 
) ch, PMOS (MP 14) ig^St^- (R14) -eftj^^n^o 

NMOS (MN16) (i, 1> H^itkmffi (GND) /Wlfln^ft, KW> 
(Vdd) 75Wn^ti^o 

PMOS (MP 13) (i^'-r K3gM£*U V-^^NMOS (MN16) 
<£>y-;uc, Klx-r>^£^T- (R14) K^Mcm&o 

PMO S (MP 1 4) it, Y- h^PMO S (MP 1 3) <DY- Y \<Z, 7-7, 

^nmos (mni2) cov-xc^M^tL, v u 4 y i,zn<vmmMi± (v S s 
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.-OlalOTfj&JC J: 0, NMO S (MN 1 2) OV-^ IEEE (V s n 1 2) (i, 
TIE (7) RT-mZtlZo 
If 7] 

V s n 1 2 = - (Vthnl6+Vthpl3) +Vthpl4 

(7) 

PMO S<OL^^mM1±i V thp, NMO ScoLivHiiSJEfcV t h n <hf 
& NMO S (MN 1 2) OV-^mJE(i. -V t h nt^l), 01 4 K^l" 

NMOS (MN12) ^> LfcB#om»it{i^ PMOS (MP 14) 
[0 0 3 0] 

EI 1 6 fi, El 1 2 K^ivM T*[Uj&2 6 0 ^^^EIKfllfiKSr^t* EIKEI 

gll 6i:/Tf/HT^iKli, m 1 4 K^lv*-* T*|p]«&K, *s<T>7 (O 
PI) fc, PMOS (MP 15) fcilJDLfctO-Cfc&o 

^^^-^T>^° (OP 1) PMOS (MP 1 5) Ciot, NMOS (M 
N12) <7)V-xmm*MffiMfflffl-r2><7)X\ NMOS (MN12) <7)V-A% 

y e - ^ > * "cmmtz - 1 **t? # * 0 

[0 0 3 1 ] 

HI 7(4, ^HiS<7)ff^E g .<^#filS^-MV^^«[IIl^^ "9" > "7°^* — )V KHIS& 

eii 7 izj^-rm^r- ^ xtjm^it, ®*&&mi"<n'm&®»i o o -9- 

KE1S&2 0 0 ifi^M W^gg&lHlI& 3 0 0 t , y'J7^5U 

^bhubm oot, 94 \ y?'fa\m®&5 o o t-emj&ztiZo 

tV7>*-;l/K@S&2 0 0 t, E*£Ml^;i^&lnli&3 0 0 <h(4, > 
•J T;i^9 l^'£&IIIg& 4 0 0<7)-^«LTv^ o 

l^^SSfcElft 1 0 0(i, ltu;£?>EI 2, 1114, 116, 18, El 1 0 
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- ^^j&ra ioocj:^ ?uy? ( c lk) , 

m^r (h s) , Sa^Wf-^- (v s) 8 7 V yVit^r (s p 

i) omEEu^^^ ^-r^o v^ov^mkom^i.. -eti-rti^c i k_a 

x hs a ^ vs a, spl a "Ctf L fc 0 

[0 0 3 2] 

■9->y;u*-;u KI3E&2 0 Oii. tJJEWil 2 > K@§&£ 

8@^^tyiJi:ttLTML, y'J7iM:A^?Wi^t*-^ (Din) 
^, 11 8 tC7K-r8^c0U^^m$tL^-9->7 01 ; (sp l_a) -c+h 

y-f')y sp 1 _a<DZK?tili^ mi 3% t'K&bf&iJ-yy^) 
(SPL) K-ftfc-f&o 

itz, @ 1 8 (i, Ml 7 l*Z7Fi-—U<vm^<V? 4 < h £7jk1-m-e& 

E^Ml^^^«IUS&3 0 0 (i, EI 1 2 K^-t V^<)V^mm^2 8 0 4 HI 

5 V9"Q*tV-fV >^£tL7^mj± (D i n_a) ^V^m^-f^o Ell 
2 H^fiaJ^^t^ EI14, EI 1 5 , EI16 ^7Fl-[Ui&£ffi^-c & <£ ^ 0 

v»; t;i//n*7 vfrW&m&b o ot±, * Xli? v^-mffi (lat) £3 Steffi 

L> ^tibO? y^®& (LAT) T\ ^ >f ^ >^~tr tt/c^ 

Tfii'-* (Di n_b, D i n_c ) <D9 4 \ y*f*— WtZ-tX. V)V\,Z$£ 
mLX, D i n_d t LttBtlt^o 

9 4 X >^tlJfPHIE&5 0 0 *±, ^m$H/:^0 7^ (c lk_a) , |WJ 
SM^(hs_a, v s_a) WMQft (c k 3, ck4, prl, 

pr2, stl, s t 2) *$Lm-?Z>o p r 1 JsiCfp r 2tt, EI 1 3 & 

^Kfctf&'fM- (CK1) K*frjfcU stliJJ:O f st2li, @1 3&£Ki3lt 

(CK2) H^j-CD-T^o 

[0 0 3 3] 

/nM 7*IIIS& 1 1 0, 33 £^2 O^-f T*m%& 1 2 0T% PMOS (MP1) 
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^iJKNMOS (MN1) <7)^ -7^(75^- hmEE^, PMOS (MP1) isX 
C^NMOS (MN1) <7)L#v^mEEi:t5(?^Lv^mi±H$lJ^)1-^><7)T\ t7l 

•it £ wj x mm mji * i&m-t %> - 1 t%& 0 

ttz. % 1 <D/*4 1 1 0, & £0^2 <0/svf y*H]j& l 2 0(i, Jrti 

ftLPMO S tNMO S<7)L§v^fimffi (Vth) Tvsvf T J* -f & O 

x\ L£^mni± (vth) <7)^tt, ((f^o^) izm^-r^m^^y^m^ 

ifc. *>tim<or- hms.it. pmos (mpi) ^.j^nmos (mni 
) <7)L§v^iE (v t h) xum^<nm)±wmi)m^hKtzmm.t^y) , 

frW&mnz^mx^&o 

,T*UiJ:*K PMOS (MPI) isitfNMOS (MNI) OL^^itE ( 

vth) i>i&^A?jmKxi>u^)i'mi%'fz>zttfnimt%z> 0 

[0 0 3 4] 

#!JxJ£\ IIf7>y^^^f)i^PMOS (MPI) £J:£/NMOS ( 
MN 1) <D L£ ^mmf±<D 2^i i9/h^v^A^«^-^^^^^-r^>- t^oXfg 

OS (MPI) &J:<7NM0S (MNI) O L § v>fitm/±<0 1 . 6 te^T^Mf 
XJb&Ztmti Lv^o 

Jia6ij^{±. L%^*mmf±&T<DAtim^xi>u^)\/m^i}£x&z>i)K £<o 
nmzi/so^m&zftofz&^it^ xtim^-a, mm&, pmos (mpd & 

iCKNMOS (MNI) <D Liv^g«l±J^±, 1. 6 IgWif 

I ^Hlf&^lllct'&NMO S (MNI 2) <£>^- h • V-*P B m/±£> (5(?N 
MOS (MNI 2) <7>L#WimJE (Vth) 1" £ £ £: £ , 
tftStrli, COL^«E (V t h) A^ffi^-0«l±tgitis^JtJp#^tt/im 
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<d^t- 9 <d usovm&m&zm&i- &zt t%z> 0 

[0 0 3 5] 

2>(DX\ fi^ff-eSM^y^f ALS H^Wf^*, UMItj^SKA^ 

■rait a*-? § m *8fc£8iM-e isttti:, rmm.iji&ffit& i 

^j^^&t* <Djfo<D0:7F^W.iiZi>MRlvI1fe~c$>& z t £-e& &v> 0 
[0 0 3 6] 

#SH K £ v > T $ ft a §&W <0 9 *>ft^cffJ & O K J: o T# c, ft* S»* £ ffiifi. 
( 1 ) ^miZXthlf^ I^Ity^fAL S I h<DA y^-7i-^|^J 
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(2) ^fMBKifUf, l^liiy^fAL SliO'f > * - 7 x. -MM^i 
£ ©Ml" Z> H t pI^ t & & o 

[mi] 

[1212] 
[El 3] 
[14] 



[HI5] 

hi 4 i<z7Fi-m&ffi&mis^)^&m&<Dm^M*7Ftmx$>2>o 

[EI 6] 



[EI 7] 

EI 6 ^^-r^M^MV^^^IlIJ^Otlj^^^^-tEIT^^o 
[EI8] 

ei i ^i-^M^m^^^m^m^m<Dm<Dmmmmi7^i-mmmx$)^ 



[EI 9] 

Ei8 izTrs-rm-m^mu^o^mmmizion^, mw&\m<Dv- mu (v 

gl) ty-ME (Vg2) <7)*JEiS^^^1-EI-e^)^o 
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[H 1 0] 

o 

[Ull] 

o 

im 1 2] 

[EI 1 3] 

ei 1 2 K^-r^*p<7)mraB£^-t[u-e&&o 

[114] 

HI 1 2 K^1v*>f TX|Ui^O'ffe^)^J^Il]I^I#^^^1-[l]S&Il]-e^)^o 

[m i 5] 

[El 1 6] 

m 1 2 tc^i"/^ r^iiij^cojtji^^yoiiimi^^^-riiii^EiT^^o 

[Ell 7] 

m 1 8] 

1 0 'J y 'J n >It ( L T P S St) 2 0"->^fALSI, 3 0 — 

1 o o— &*m&m\"<n/$mm&* 1 1 o-mo^vr 7*nii&, 

1 2 0—m2<D'H r^HIi^, 2 0 0, 2 1 0 — y 7° )V * - )l< K@i&. 2 20 
-V/ I 2 3 0-f2<0^^7f>^ti : -, 2 4 0-f l^^^yf 

2 5 o -mi±uwmm, 2 e o-m3<v;u tx®$&, 27 0-4 > 

2 8 0, 3 0 0-m&mi"<^1&®m, 4 0 0-y'J7^7l/^l 
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